This study tested the hypothesis that site-specific estrogen receptor alpha (ERα) expression is a critical factor in the expression of male prosocial behavior and aggression. Previous studies have shown that in the socially monogamous prairie vole (Microtus ochrogaster) low levels of ERα expression, in the medial amygdala (MeA), play an essential role in the expression of high levels of male prosocial behavior and that increasing ERα expression reduced male prosocial behavior. We used an shRNA adeno-associated viral vector to knock down/ inhibit ERα in the MeA of the polygynous male meadow vole (M. pennsylvanicus), which displays significantly higher levels of ERα in the MeA than its monogamous relative. Control males were transfected with a luciferase expressing AAV vector. After treatment males participated in three social behavior tests, a same-sex dyadic encounter, an opposite-sex social preference test and an alloparental test. We predicted that decreasing MeA ERα would increase male meadow vole's prosocial behavior and reduce aggression. The results generally supported the hypothesis. Specifically, MeA knockdown males displayed lower levels of defensive aggression during dyadic encounters and increased levels of overall side-x-side physical contact with females during the social preference test, eliminating the partner preference observed in controls. There was no effect on pup interactions, with both treatments expressing low levels of alloparental behavior. Behaviors affected were similar to those in male prairie voles with increased ERα in the BST rather than the MeA, suggesting that relative changes of expression within these nuclei may play a critical role in regulating prosocial behavior.
Introduction
Estrogen receptor alpha (ERα) plays a critical role in the expression of male behavior, including aggression and prosocial behavior, and is associated with mating strategies, polygyny versus monogamy [1] [2] [3] [4] . Studies using ERα knockout mice indicate that ERα is associated with masculinizing male behavior, which is represented by "high" levels of male/male aggression and "low" levels of prosocial behavior [5, 6] . These behaviors are also typically associated with a polygynous mating strategy. The potential role of ERα is supported by findings in socially monogamous species where low levels of ERα expression in the medial amygdala (MeA) and/or the bed nucleus of the stria terminalis (BST) are associated with high levels of prosocial behavior, such as pair bond formation and alloparental behavior, in prairie (Microtus ochrogaster) and pine (M. pinetorum) voles as well as Siberian hamsters (Phodopus sp) [2, 7] . In contrast, closely related polygynous species, such as the meadow (M. pennsylvanicus) and montane (M. montanus) vole and dwarf hamster males, express elevated levels of ERα in these regions [2] . Further viral vector enhancement of ERα expression in these regions resulted in the inhibition or disruption of alloparental behavior or partner preference formation in male prairie voles (MeA [8] ; BST [9] ). These studies provide strong support for the hypothesis that site-specific decrease in ERα is a critical factor in the expression of high levels of male prosocial behavior and low levels of overall male aggression [7] . It should be noted that in prairie voles, both males and females display high levels of selective conspecific aggression following prolonged cohabitation/pair bond formation and/or mating, but low levels of territorial or premating aggression [10, 11] .
While this hypothesis predicts that enhancing ERα in highly prosocial male prairie voles would disrupt or decrease prosocial behavior [7] , empirically supported by manipulating ERα [8, 9] , it also predicts that decreasing ERα in a polygynous species would increase the expression of male prosocial behavior and reduce male/male aggression. This prediction has been supported, in part, in male mice where site-specific treatment with small hairpin RNA targeting ERα reduced aggression and altered/inhibited sexual behavior with females [12] . The goal of this study was to use the same shRNA to knock down/ inhibit ERα in the MeA of male meadow voles to test the critical second prediction. The meadow vole and the site of treatment were chosen for several reasons. Meadow voles are closely related to prairie voles and males express significantly higher levels of ERα in the MeA than prairie voles or the socially monogamous pine vole (M.pinetorum) [2] . Male meadow voles are frequently presented as polygynous as they do not typically display parental care or form pair bonds in the field. However, they have been reported entering natal nests in the northern extremes of their range [13] and males that were reared by (cross-fostered to) prairie voles, when subsequently mated with female meadow voles, displayed parental care [14] . Treatment with low levels of centrally administered arginine vasopressin triggered alloparental care, as it does in prairie voles, but not montane voles [15] . Finally, under controlled laboratory conditions meadows have even been shown to form partner preferences [16] . Taken together these findings suggest that meadow voles can be prosocial, and modifying a potential regulatory mechanism involved has a high probability of increasing prosocial behavior.
Most male mammals show low levels of heterosexual prosocial behavior, pup care, and high levels of conspecific male/male aggression. In contrast, socially monogamous males (3 to 5% of all mammals [17] ), including human males, are capable of displaying high levels of prosocial behavior. Socially monogamous males form long-term heterosexual pair bonds and typically provide parental care of offspring. Studies using ERα KO mice indicate that ERα masculinizes male behavior [5, [18] [19] [20] , establishing the typical pattern of social behavior expressed by polygynous males. Masculine behaviors, such as high levels of male/male aggression, lack of bond formation and infanticide, must be inhibited or removed before a male can express high levels of positive social affiliation [7, 21] . Several studies suggest that this may be accomplished by limiting the expression of ERα within specific nuclei/regions of the "social neural circuit", including the BST and the MeA [8, 9] . Prairie voles are socially monogamous and males express little or no ERα -IR in the MeA [7, 22] compared to labs rats, mice and polygynous vole species, which all express high levels of ERα in the MeA [2, [23] [24] [25] . Increasing ERα in the MeA of male prairie voles reduced or inhibited the expression of prosocial behavior including the formation of partner preferences and spontaneous alloparental behavior [8] . While these results go a long way in demonstrating that a reduction in ERα is associated with the expression of high levels of prosocial behavior, the next step is to demonstrate that reducing ERα increases the expression of prosocial behavior in males that do not typically display high levels of prosocial behavior, i.e. the meadow vole. While the MeA may not directly regulate prosocial behavior, it plays a critical role in the response to social stimuli. The MeA, along with the BST, receives input from the accessory and main olfactory bulbs, which triggers response to interaction with other individuals, i.e. social recognition and social memory. Also, as part of the social neural network [26] , with efferent connections to the reward system, it plays a critical role in the expression of prosocial behavior. This means that manipulation of the MeA has the potential to alter signal processing and the ultimate expression of prosocial behavior through downstream responses or overall network interactions [8] . Finally, manipulation of ERα in the MeA has been shown to impact the expression of prosocial behavior in prairie voles [8] .
These studies suggest that if the overarching hypothesis regarding the role of ERα in regulating the expression of male social behavior is correct then decreasing ERα in the MeA has a high probability of producing the predicted results. To test this shRNA was used to knockdown the expression of ERα in the MeA of male meadow voles, a reverse of the study in which ERα viral vectors were used to enhance ERα in the MeA of male prairie voles.
Methods

Subjects
Animals used in this study were laboratory-reared meadow voles, from a breeding colony at Northeast Ohio Medical University, which originated from wild stock trapped at the University of Akron Biological Field Station, Bath Ohio. Breeding pairs were housed in poly-carbonate rat-sized cages with beta chips covered in a layer of hay. Litters were group weaned at 20 days of age. They were then individually housed at 35 days of age in a mouse-sized cage (12 × 18 × 28 cm). All animals were housed under a 14:10 light:dark cycle and provided high fiber rabbit chow and water ad libitum. Animals were housed in accordance with the USDA and NIH guidelines and all procedures were approved by the University of Akron and Northeast Ohio Medical University Animal Care and Use Committee prior to undertaking any experimental manipulation.
Viral vector transfection
To achieve site-specific inhibition of ERα in the MeA, adult males (60 days of age) were stereotactically injected, bilaterally (AP -1.25 mm, ML + 1.65 mm, −5.8 dorsal from Bregma), with an adenoassociated viral (AAV) vector containing shRNA (see [27] ). Briefly, the vectors expressed shRNA to silence ERα (GGCATGGAGCATCTCTACA) or silence luciferase (CCGCTGGAGAGCAACTGCAT) target sequences under the control of the human H1 promoter. In addition, both vectors were designed to express enhanced green fluorescent protein and placed under a control of a hybrid CMV/chicken-β-actin promoter to ensure stable long-term expression. Vector stocks were generated using a helper-free AAV-2 plasmid transfection system, purified by heparin affinity chromatography and dialyzed against PBS as previously described [28] . AAV genomic titers were determined by quantitative PCR and adjusted to 109 particles per μl. Three weeks after transfection males began behavioral testing. Following completion of behavioral testing males were sacrificed to analyze the efficiency of gene transfer and behavioral data was only analyzed in males in which transfection was verified. The ERα shRNA used in this study is subtype specific for ERα, as previous studies in mice showed that transfection did not alter the expression of ERα [27] . This means that the effects reported in this study are associated with the silencing of ERα.
Verification of transfection
Upon completion of the social preference test, brains from experimental animals were fixed using transcardial perfusion, sectioned at 30 μm on a freezing-sliding microtome, and then the free-floating sections were stained for ERα using standard AB immunocytochemistry (for complete details see [7] ). The primary ERα antibody was the ERα polyclonal antibody c1355 (Chemicon Temecula, CA), which has been validated in prairie voles [2] , at 1:10,000. C-1355 binds to both free and bound ERα, reducing variation in staining due to potential differences in circulating hormone levels [29] . After rinsing and incubations with secondary antibodies and the avidin-biotin peroxidase complex (Vectastain ABC kit-elite pk-6100 standard) nickel diaminobenzene chromogen was used to visualize ERα immunoreactivity (IR).
Slides of the MeA were examined at 40× on an Olympus BX51. Behavioral data was excluded from any shRNA-ERα males, seven out of twenty, that expressed ERα-IR in the MeA compared with controls ( Fig. 1) . The original design was that ERα knockdown would be considered successful if ERα-IR was at least two standard deviations less than control males. However, this was not necessary as all "successfully" treated males displayed an absence of detectable ERα-IR against background (Fig. 1 ).
Behavior
Test animals participated in three behavior tests to assess the effects of ERα knockdown in the MeA (ERα -MeAkd) on the expression of social behavior, alloparental, dyadic encounter and social preference, also referred to in the literature as partner preference, with five days between tests. Voles can be active day or night in their natural habitat [30] and all tests were conducted during the light phase. Tests were recorded using a DVR and subsequently scored from the video images. Alloparental and dyadic encounter were scored by an experimentally blinded scorer using jwatcher™ and reliability of individual scorers was determined to be 95% or better. A custom modified version of Topscan™ Suite (CleverSys Inc., Reston VA, www.cleversysinc.com) was used to automate data collection and analysis of the social preference test.
Alloparental
Males participated in a standard alloparental test [31, 32] . Males were placed in an alloparental test arena consisting of two cages (12 × 18 × 28 cm) connected by a plastic tunnel. Males were allowed 30 min to adapt to the arena prior to placing a 1 to 3-day old pup in the cage the male was not in at the time. Behavior of the male was recorded for 10 min following entrance into the pup's cage, or for 30 min if the male failed to enter the pup cage. Males that spent a minimum of 3 min in contact with the pup, licking and grooming, and/or huddling with the pup were classified as alloparental.
Dyadic encounter
Males participated in a standard same-sex dyadic encounter test, which tests for male-male aggression and affiliation [11, 33, 34] . Males, a test male and a stimulus animal (age and size matched), were placed in a clean 12 × 18 × 28 cm polycarbonate cage with wood shavings and allowed to freely interact for 5 min A clean, not previously occupied by either individual, cage was used to eliminate complications of home territory and aggression, which in voles, unlike rats and mice, is highest in this type of setup, rather than the traditional resident/intruder paradigm [35] . Stimulus animals were prescreened for aggression in a three-minute test, and any that displayed aggression were not used. One hour prior to testing a small loose plastic collar was placed around the neck of the stimulus animal, permitting identification of the test subject. Behaviors scored were 1. Defensive aggression acting to prevent the approach of the stimulus subject, 2. Aggressive which includes, lunges, bites, lateral displays (distinct threat movement in which the vole moves sideways), and chases, and 3. Affiliation, which was defined as nonaggressive social contact, which includes sitting in side-by-side contact and grooming. All tests were conducted with an observer in the room so that if any animal was injured the test would be stopped immediately, which did not occur, and data scored by an experimentally-blinded scorer.
Social preference
Five days after the dyadic encounter test males were tested for social preference. This was done using the standardized vole partner-preference test [36] [37] [38] . Test males were cohabited with an unrelated sexually naïve adult female, which is classified as the familiar "partner", for 6 h. Female voles do not undergo spontaneous estrus, requiring either prolonged exposure to a male or diet adjustment [39, 40] to become sexually receptive. Therefore, mating is not a factor. Immediately following cohabitation, test animals participated in a social preference test, which is conducted in a modified Y-shaped, threechambered arena (12 × 18 × 28 cm cages). The parallel cages housed either a familiar or a novel female, age-and size-matched sexually naïve female (novel/"stranger") unrelated to either the familiar female or the test male. The third cage (test subject) was attached separately to each stimulus cage. Once the females had been gently tethered in their respective cage, preventing them from leaving their chamber, the experimental male was placed in the test subject chamber and allowed to move about freely for 3 h. Frequency of entrance, total time spent in the chambers, time spent in exploratory investigation, and time spent in physical side-by-side contact were scored by computer via Topscan Suite (CleverSys Inc.). Side-by-side contact was defined as social contact exceeding 0.5 s, during which time the center of each animal moved less than 2% of its total size per 0.5 s.
Statistical analysis
Treatment effects were analyzed using a one-way ANOVA for alloparental and dyadic tests, while within and between treatment effects were analyzed using a two-way ANOVA (treatment by stimulus animal for social preference tests) followed by post-hoc pair-wise comparisons. In the social preferences test, a preference has been formed if a treatment results in significant difference in physical contact with one type of female versus the other; partner preference, if more time is spent in contact with the familiar female, or a stranger preference if more time in contact with the novel female. A paired t test was used to determine within-treatment social preference. For all tests, results were considered significant at p < 0.05
Results
Alloparental
There were no significant differences in any of the variables measured in the alloparental test. Based upon the minimum time requirement of 180 s of prosocial contact with the pup (see methods for details), less than 10% of the males, 4 out of 46, were alloparental. Control males spent an average of 66.1 + 22.1 s compared with 57.8 + 
s for
ERα -MeAkd caring for the pups. 33.3% of control males displayed pup direct aggression compared with 45.6% of ERα -MeAkd males, resulting in early stoppage of the tests, and additionally, 9% ERα -MeAkd (2 out of 22) and 20.1% of control males failed to enter the pup-cage. This means that more than 50% of each treatment did not "care" for the pups in any fashion and limited data for analysis.
Dyadic encounters
There was no significant difference in levels of offensive aggression or in affiliation associated with treatment. Less than 10% of males displayed side-by-side contact. However, while there was no effect on offensive aggression (mean + s.e) by the experimental males directed at the stimulus males (3.25 + 5.7 s control vs 2.35 + 9.8 s ERα-MeAkd) nor mean (+s.e.) time spent in exploratory investigation (22.6 + 22.1 s control vs 21.1 + 17.2 s ERα -MeAkd) there was a significant treatment effect on the display of defensive behavior in response to approach by stimulus males. ERα -MeAkd males spent significantly less time displaying defensive "aggression" in response to an approaching stimulus male than control males (p < 0.05) (Fig. 2). 
Social preference
There were several treatment effects associated with the social preference test. Control males spent significantly more time in the cage of the familiar female (p < 0.05), while ERα -MeAkd males showed no significant cage preference (Fig. 3) . By definition, control males formed a partner preference, spending significantly more time in contact with the familiar female than the novel female (p < 0.05) (Fig. 4) . While not forming a preference, male ERα -MeAkd displayed higher levels of overall social interaction than control males, spending significantly more total time in a female cage (127.8 + 15 min vs 89.2 + 11.5 min p < 0.01) (Fig. 3) and significantly more time in side-x-side contact with the novel female (p < 0.05) (Fig. 4) than control males.
Discussion
The results supported the hypothesis and previous findings that ERα expression plays a significant role in the expression of male social behavior. Although limited in scope, the results supported the prediction that decreasing MeA ERα expression in male meadow voles would increase prosocial behavior and decrease aggression. MeA knockdown males displayed lower levels of defensive aggression in male/male interaction while increasing overall levels of physical contact with females. While these results were significant, the findings were not as definitive as predicted, as not all aspects of prosocial behavior were altered, with reduction having no effect on the expression of alloparental behavior nor pup-directed aggression. These findings suggest three things. First, site-specific reduction in ERα does play a critical role in the expression of male prosocial behavior. Second, while social monogamy is defined by a suite of behaviors, including reduced aggression, alloparental behavior and the formation of long-term pair bonds, these behaviors are not all regulated by a single mechanism, and third, changes within the neural circuitry may have differential effects even if regulated by the same neural networks.
Microtines are a strong comparative system for studying the neural mechanisms regulating social behavior because closely related species display a range of mating systems from polygyny to monogamy [1] . Social monogamy, unlike true/genetic monogamy, is not based upon mating exclusivity, but by a suite of social behaviors that involve the formation of long-term pair bonds, parental behavior and aggression [41] . These complex behaviors are plastic, variable, even within socially monogamous species, and expression may be context or environment dependent. Although meadow voles are frequently used as a non-monogamous comparative model for the prairie vole, there are a number of empirical studies that suggest their behavioral profile can display characteristics typically associated with prosocial/socially monogamous species. Under controlled laboratory conditions both males and females can form partner preferences [16] . In the lab, exposure of parentally-naïve adult males to pups increases paternal care Fig. 2 . Mean ± SE time spent displaying defensive behavior. ERα -MeAkd spent significantly less time displaying defensive aggression in response to being housed with a stimulus male compared with control males. * = significant between treatment effect (p < 0.05). Fig. 3 . Mean ± SE time spent in cages. Control males displayed partner preference while ERα -MeAkd males spent significantly more time in overall contact driven by spending significantly more time in physical contact with the novel female compared with control males. * = significant between treatment effect (p < 0.05). Fig. 4 . Mean ± SE time spent in side-by-side contact. Control males displayed partner preference while ERα -MeAkd males spent significantly more time in overall contact driven by spending significantly more time in physical contact with the novel female compared with control males. -= significant within treatment effect (p < 0.05). * = significant between treatment effect (p < 0.05).
[42] and males cross-fostered to prairie voles displayed alloparental care as adults [14] . In more extreme environments males may enter a mate's nest and care for the pups [13] . As these behavioral studies predict, the expression of the neural mechanisms involved in the regulation of these behaviors present a mixed profile in meadow voles. Male meadow voles have the same vasopressin, V1a, receptor expression pattern and microsatellite length as montane voles [43, 44] , their ERα expression in the BST and MeA is intermediate between the low levels in socially monogamous voles, prairie and pine, and high levels in montane voles [2] . Based upon the hypothesis that multiple mechanisms regulate social behavior [45] , specifically involving an interaction between steroids and the neuropeptides oxytocin and vasopressin [4, 34, 46] , the intermediate expression of ERα may explain why, like prairie voles, but unlike montane voles, central administration of vasopressin increases male prosocial behavior [47] and the results found in this study.
Given that behaviors associated with social monogamy are regulated by multiple neural circuits, social and reward [48] , and mechanisms, it is predictable that selectively inhibiting ERα in a single nucleus might selectively impact the suite of associated behaviors. This is consistent with other studies that have site-specifically manipulated ERα. In mice, using the same AAV shRNA within various nuclei in the sociosexual neural network (as defined by Newman [49] ) differentially affected male sexual behavior [12] . Knocking down ERα in MeA increased male-directed mount attempts, but did not alter heterosexual mating behavior. In contrast, reduction in the ventromedial hypothalamus (VMH) resulted in decreased intromissions and increased male/ male aggression, while reduction in the medial preoptic area reduced sexual activity, including number of mounts and intromissions, but did not alter aggression. These results are consistent with the effects of sitespecific, MeA vs BST, enhancement of ERα on the expression of behavior in male prairie voles.
The BST and MeA are part of larger neural complexes/networks that regulate social behaviors in which the neural anatomical structure and connectivity of the components of the neural networks may not only differ between species but also be sexually dimorphic, including the expression of ER and neuropeptide receptor expression. Therefore, while our hypothesis predicts the direction of effects that should be associated with decreasing ERα in male meadow voles, increased prosocial behavior and decreased male/male aggression, it is difficult to predict which ones, heterosexual, parental, or aggression, or the specific aspects of these complex behaviors, will be altered. In the prairie voles, increasing ERα expression in both the BST and MeA had the predicted effect of altering the typical expression of prosocial behavior, but the effects were nucleus dependent. An important finding from this study is that decreasing ERα in the MeA of male meadow voles tracked more closely to behavioral changes associated with increasing ERα in the BST, rather than the MeA, in prairie voles. In meadow vole males, decreasing ERα resulted in increased overall social affiliation, with a significant increase in time spent with the novel female compared with controlled. This result is consistent with the behavior of the highly prosocial prairie vole prior to forming a pair bond. Prairie voles, both males and females, seek out and spend significant amounts of time in physical contact, regardless of the conspecific, displaying little or no aggression, with the exception of mating-induced aggression [10, 11] . In heterosexual partner preference tests, prairie voles, male or female, the total time spent in physical contact is equivalent between groups that form a preference and those that do not [8, 36, 37] . A preference occurs because, instead of spending equal time in contact with the novel and familiar stimulus animals, individuals redistribute contact time, spend more with one and less time with the other. The change in affiliation associated with ERα reduction in meadows also represents a mirror-like response compared with enhancing ERα in the BST, in male prairie voles. Male prairie voles with enhanced ERα -BST did not display a partner preference, which was due to a decreased total time spent in physical contact [9] . In contrast, ERα-MeA enhancement did not alter total overall time in side-x-side contact, but instead resulted in a directional shift of whom time was spent with from a partner to a stranger preference [8] . In prairie voles, this shift was attributed to a rat-or mouse-like response where novel females are preferred over familiar females [50, 51] , as they represent a greater potential mating opportunity. The shift observed in ERα MeA meadow voles would suggest that instead of increased mating potential there is an increase in affiliative behavior which is non-preferential, similar to prairie voles.
Although male meadow voles are generally considered to be parental, they can and will display paternal behavior if experimentally manipulated. Parental behavior can be elicited through post weaning pup exposure [47] , being reared by prairie voles [14] or central injections of vasopressin [15] . Therefore, the current findings indicate that ERα expression in the MeA of male meadow voles may not be a contributing factor as it did not affect male-pup interactions, with all males displaying high levels of pup-directed aggression and little to no alloparental behavior. It is possible that ERα does not play a role in the expression of parental behavior in meadow voles or, as hypothesized above, it may be related to relative distribution. The lack of effect of manipulation in the MeA in meadow voles is consistent with the BST/ MeA finding in prairie voles, as in the case of prairie voles, increasing ERα in the BST did not disrupt alloparental behavior nor increase pup directed aggression [9] , in contrast to increasing ERα in the MeA, which produced high levels of pup directed aggression and inhibited alloparental behavior.
The most parsimonious prediction for behavioral changes, in male meadow voles with decreased MeA ERα, was that the behavioral aspects would be the same as those impacted in prairie vole males with enhanced ERα in the MeA. If this had occurred it would have indicated, even though part of a larger integrated circuit, that specific behaviors are influenced/regulated by specific nuclei. Since there was little or no correlation between the species, there must be an alternative explanation. Two possible hypotheses present themselves. First, there may be significant between species variation in the roles of specific nuclei, with the MeA in meadow voles controlling the same behaviors as the BST in prairie voles. There is certainly evidence that not all nuclei within the sociosexual neural circuit of different species play the same role, for example the ventral medial hypothalamus shows fos activation in response to exposure to a member of the opposite sex in prairie voles [52] , but not in Syrian hamsters [53] , while in male rats activation is linked to mating, but not odors or simple contact [54] . A second intriguing hypothesis is that the behavioral changes were similar because of the interaction of the BST and MeA, which have efferent and afferent neural connections and express similar relative levels of ERα based upon the mating system in a number of species [2, 4] . Decreasing ERα in the meadow vole male MeA produced comparatively higher ERα, in a relative sense, in the BST, resulting in a similar relationship found in prairie voles, in which ERα had been viral vectorally increased in the BST. This suggests that relative expression, either between critical nuclei or within the overall circuit, may play a critical role in the expression of complex behaviors. More studies are required to determine how the brain functions to produce behavioral outcomes and require investigation of the interaction of multiple neurochemical interactions, such as neuropeptide and steroid receptors. Additional studies could include manipulating ERα in the BST of meadow voles, as well as manipulating other regions or multiple regions in different directions. Depending upon the manipulation, the hypotheses would produce alternative predictions.
There is no comparative data with prairie voles for male/male interaction as this was not tested in ERα transfected prairie voles. However, male meadow voles showed the predicted shift in behavioral interactions with males reducing aggression directed toward an approaching novel male, suggesting that changes in ERα in the MeA, while not increasing male/male social behavior, may play a critical role in initial social contact by increasing social tolerance. This is difficult to tease apart, as the stimulus male is an independent participant. It is possible that if ERα was decreased in both males there might have been an increase in social contact after the initial approach.
In conclusion, the results provided critical support for the role of ERα in regulating not only male behavior, but also in the overall expression of mating strategies, with decreasing ERα having the predicted opposite effect of increasing prosocial behavior in the polygynous male meadow vole compared to a decrease in prosocial behavior associated with increasing ERα in the socially monogamous prairie vole. The results also suggest that it is the relative expression of receptors within the neural circuits that regulate the overall expression of complex behaviors rather than specific nuclei.
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